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Abstract

Background Randomized controlled studies demonstrate
that early detection and intervention reduce breast cancer
mortality by approximately 25%. Though the ultimate goal
of screening is to reduce breast cancer deaths, the imme-
diate goal is to detect and treat early-stage tumors before
they pose a threat to life.

Materials and methods To assess the impact of early
detection and intervention in the general population, we
analyzed breast cancer incidence and mortality rates in the
NCI's Historical Connecticut Tumor Registry (1943—
2002).

Results Though breast cancer rates increased for the en-
tire study period, overall incidence rates rose faster than
previously following the initiation of mammography
screening in the early 1980s in the United States. Of note,
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stage-specific incidence rates increased 152% (53.2-133.9
per 100,000 woman-years) for early-stage tumors and fell
16% (56.1-47.2 per 100,000 woman-years) for late-stage
breast cancers. Period- and cohort-age-specific incidence
rates rose dramatically for early-stage tumors among wo-
men targeted for screening (ages 40-80 years), whereas
rates for regional and distant stages declined modestly
among women ages >50 years. Breast cancer mortality
rates fell 31.6%.

Conclusions Along with increases in incidence rates for
early-stage tumors, rates for late-stage disease and breast
cancer mortality declined following widespread screening
mammography, consistent with effective early detection
and improved treatment over time. However, the disparity
between the dramatic rise in early-stage tumors compared
to the more modest declines in late-stage disease and
mortality suggests that many mammography-derived early-
stage lesions may never progress to late-stage cancers and
pose a threat to life.

Keywords Lead time bias - Length bias - Prognostic
factors - Calendar-period effects - Birth cohort effects -
Breast cancer incidence - Breast cancer mortality

Introduction

Randomized controlled trials confirm that mammography
screening reduces breast cancer mortality by approximately
25% [1, 2], and the recent declines in United States breast
cancer mortality rates have been attributed to screening
along with improved treatment [3]. Indeed, population-
based mathematical models suggest that approximately
one-half of the total reduction in breast cancer death rates
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is due to screening with adjuvant treatment contributing the
rest [4].

Notwithstanding the acknowledged mortality benefits
for early detection and intervention, randomized controlled
studies and mathematical models do not assess the poten-
tial risk of diagnosing (and treating) biologically indolent
early-stage breast tumors, which pose little or no threat to
life [5-8]. We speculated that an ideal program of mass
screening would detect only those early-stage tumors des-
tined to progress to late-stage disease, yielding population
increases in early-stage lesions with reciprocal declines in
late-stage disease and breast cancer mortality over time.

Though the method of initial breast cancer diagnosis and
complete treatment records are not available in large-scale
population-based datasets such as the Surveillance, Epi-
demiology, and End Results (SEER) program of the Na-
tional Cancer Institute (NCI), calendar-period trends can
serve as surrogate measures for the net impact of medical
interventions over time [9]. The SEER program did not
begin until 1973 and all of SEER’s original 9 tumor reg-
istries were not included in the program until 1975.
Therefore, to analyze long-term breast cancer trends, be-
fore and after widespread screening mammography, we
used the NCI’s Connecticut Historical Cancer Database
(1943-2002) [10].

Material and methods

To create one continuous dataset with 60 years of inci-
dence data from 1943 to 2002, we combined breast cancer
records from the NCI's Connecticut Historical Cancer
Database for the years 1943—1972 with breast cancer cases
from SEER’s Connecticut Tumor Registry Database for the
years 1973-2002. Breast cancer mortality data were
available from the National Center for Health Statistics
(NCHS, www.cdc.gov.nchs) for the years 1953-2002.

Tumor characteristics

Data on standard demographics and tumor characteristics
were dichotomized into favorable (low-risk) and unfavor-
able (high-risk) groups. Tumor size was categorized as
<2.0 cm (low-risk) versus >2.0 cm (high-risk), lymph node
status was negative (low-risk) versus positive (high-risk),
estrogen receptor (ER) expression were categorized sepa-
rately as positive (low-risk) or negative (high-risk). SEER
designated malignant behavior as in-situ versus invasive
breast cancer. SEER’s historical staging system defined
invasive localized disease as limited to the breast, inva-
sive regional disease as limited to near-by lymph nodes or
other organs, and invasive distant disease as systemic
metastases.
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Calendar-period of diagnosis, age at diagnosis, and
birth cohort

The study period 1943-2002 was divided into twelve
5-year calendar-periods of diagnosis (1943-1947 to 1998-
2002) and six 10-year calendar-periods of diagnosis (1943—
1952 to 1993-2002). There also were twelve 5-year age
group intervals at diagnosis (25-29 to 80—84 years) and six
10-year age group intervals (25-34 to 75-84 years).

Given the relationship (birth cohort)=(year of diagnosis)
minus (age at diagnosis), we used the twelve 5-year calen-
dar-periods and the twelve 5-year groups intervals to create
twelve 10-year birth-cohorts, referred to by the mid-year of
birth (circa 1863-1973). For example, the 1st or oldest co-
hort mid-year of birth 1863 equaled 1945.5 (mid-year of the
calendar-period 1943—-1947) minus 82.5 years (mid-year of
the age group interval 80-84 years). The last or youngest
cohort mid-year of birth 1973 equaled 2000.5 (mid-year
of the calendar-period 1998-2002) minus 27.5 years
(mid-year of the age group interval 25-29 years).

Thus, our dataset captured newly diagnosed breast
cancer cases among women of all ages before and after
widespread screening mammography. For example, wo-
men born in 1863 were ages 80-84 years at diagnosis
during the earliest calendar-period 1943-1947, and there-
fore, developed breast cancer decades prior to routine
screening mammography. Women born in 1973 were ages
25-29 years during the latest calendar-period 1998-2002,
and thus, were too young for routine screening mammog-
raphy.

Statistical methods

Age-specific and age-adjusted (2000 U.S. standard) inci-
dence and mortality rates per 100,000 woman-years were
calculated with SEER*Stat 6.1.4. SEER’s Joinpoint
regression program was used to identify changes in secular
trend [11]. In brief, Joinpoint is a public-use statistical
software for the analyses of trends to determine whether
apparent changes in trend data are statistically significant.
The software takes the annual rate data and fits the simplest
Joinpoint (knots or nodes) that the data will allow. The user
can choose the number of Joinpoints as well as the sig-
nificance level.

Results

The Connecticut Tumor Registry has collected data on
cancer cases diagnosed among residents of the state of
Connecticut since 1935. Trends were plotted graphically
such that a slope of 10° portrayed a rate of change of 1%
per year [12]. There were n=107,840 breast cases
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Fig. 1 Female breast cancer mortality and incidence trends in
Connecticut by stage and twelve 5-year time periods of diagnosis
(1943-1947 to 1998-2002). Note: ‘Total’ includes in-situ and
invasive breast cancers

diagnosed during the years 1943-2002, for an even
60 years of data. Incidence and mortality trends are shown
in Fig. 1. Using SEER’s Joinpoint Regression program, the
year 1979 was a point of change where total breast cancer
incidence rates began to increase faster than previously.
Incidence rates for in-situ and invasive tumors increased
continuously during the study period, albeit considerably
more rapidly for in-situ than for invasive breast cancers.
During the 1960s and early 1970s, incidence rates for un-
known stage fell while rates for localized and regional
disease rose in tandem. Coinciding with the 1979 point of
change, rates increased for localized and declined for re-
gional and distant stages. Breast cancer mortality rates
peaked at 38 per 100,000 woman years during 1973-1977
then dropped to 26 per 100,000 woman years during 1998—
2002, for a decline of 31.6%.

After widespread screening mammography, the largest
percentage change (%CH) in age-specific incidence rates
occurred among ages 50-59 years (71%), 60-69 years
(82%), 70-79 years (74%) (Table 1). In-situ breast cancers
rose steadily from 3.7 to 41.6 per 100,000 woman-years
(1024%). During the same time period, rates increased
86% for localized stage but declined for regional (15%)
and distant stages (20%). For early-stage tumors combined
(in-situ+localized), incidence rates increased 152% from
53.2 per 100,000 woman-years in 1973—-1977 to 133.9 per

100,000 woman-years in 1998-2002. Early-stage tumors
now account for 73% of all newly diagnosed breast cancer
cases. For late-stage lesions combined (regional+distant),
incidence rates fell 16% during this same time period.

SEER did not record tumor size, axillary lymph nodal
status, and histologic grade until 1988, and did not collect
hormone receptor expression until 1990. From 1988-1992
to 1998-2002, rates for tumors <2.0 cm and negative
axillary nodes increased 29% and 42%, respectively,
whereas rates for tumors >2.0 cm and positive nodes were
relatively stable. From 1993-1997 to 1998-2002, rates for
estrogen positive breast cancers rose 21% while rates for
estrogen negative tumors declined slightly.

Figure 2 shows age-specific incidence rates (Fig. 2a)
and mortality rates (Fig. 2b) by calendar year and cohort
mid-year of birth. By the early 1980s, age-specific rates by
calendar year began to increase faster than previously
among all age-groups, except for the youngest groups
(Fig. 2a). Age-specific rates by cohort year of birth also
rose for all birth cohorts after 1880, except for the very
youngest. The increases were less consistent prior to the
1979 year of diagnosis and before the 1900 year of birth.
Beginning in the 1980s to 1990s, age-specific mortality
rates decreased among all age-groups, except for the oldest
group (Fig. 2b). Similarly, age-specific rates decreased for
most birth cohorts, though the patterns varied among the
oldest women, born prior to the 1900s.

Figure 3a shows period-age-specific incidence rates for
six 10-year calendar-periods of diagnosis. Age-specific
rates for total cases (in-situ+invasive) and invasive breast
cancers rose rapidly until age 50 years, and then continued
to rise more slowly among older women. Rates increased
for all succeeding time periods (beginning with 1943-1952
and ending with 1993-2002), especially among women
targeted for screening, ages 40-80 years.

Given the lack of good data for stage prior to the 1970s,
period-age-specific rates were not calculated by stage be-
fore the 1973-1982 decade, effectively eliminating con-
sideration of stage-specific rates during the earliest time
periods, i.e., 1943-1952, 1953-1962, and 1963-1972. For
each of the remaining three time periods (Fig. 3a), age-
specific rates increased with each succeeding decade of
diagnosis for in-situ and localized stages (beginning with
1973-1982 and ending with 1993-2002), though consid-
erably more for in-situ than localized breast cancers. In
contrast, age-specific rates decreased modestly with each
succeeding decade for regional and distant stages, though
more for regional than distant tumors. Cross-sectional rates
for in-situ lesions fell noticeably during each time interval
after age 70 years, as previously reported [13].

Figure 3b shows cohort-age-specific incidence rates for
nine cohort mid-years of birth (circa 1878-1958). Age-
specific rates for total cases (in-situ+invasive) and invasive
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breast cancers rose rapidly until age 50 years, and then
continued to rise more slowly among older women. Rates
rose across all succeeding cohorts (beginning with 1878
and ending with 1958), especially among women targeted
for screening, ages 40-80 years.

As mentioned for period-age-specific rates, reliable
stage data were not available prior to the 1970s, effectively
eliminating consideration of stage-specific rates for the
three earliest cohort mid-year of births, i.e., 1878, 1888,
1898. For the remaining six birth cohorts (Fig. 3b), age-
specific rates increased with age and with each succeeding
cohort for in-situ and localized stages (beginning with 1908
and ending with 1958), though considerably more dra-
matically for in-situ than localized breast cancers. In con-

trast, age-specific rates decreased modestly with each
succeeding cohort for regional and distant stages, though
more for regional than distant tumors.

Discussion

Our study is entirely descriptive and should be interpreted
with caution. Nonetheless, a direct view of the unique
Connecticut Historical Cancer Database (1943-2002) pro-
vides population-based breast cancer incidence and mor-
tality estimates before and after widespread screening
mammography. Arguably, these kinds of data could not be
obtained from other resources such as randomized studies
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Fig. 3 Female breast cancer age-specific incidence rates in Connect-
icut by SEER historical stage: (a) Period-age-specific rates by six 10-
year time periods. Note: reliable stage data were not available prior to
1973, effectively eliminating consideration of stage-specific rates prior
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to the time period 1973-1977. (b) Cohort-age-specific rates by cohort
mid-year of birth (circa 1878-1958). Note: reliable stage data were not
available prior to 1973, effectively eliminating consideration of stage-
specific rates for three earliest birth cohorts (1878, 1888, 1898)
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Fig. 3 continued.

and/or mathematical models. Parenthetically, the Con-
necticut Tumor Registry also appears to be an accurate
surrogate for SEER’s 9 original registries, with temporal
breast cancer trends in Connecticut paralleling those in
SEER during the years 1975-2002 (graph not shown).
Therefore, a reasonable measure for breast cancer trends in
the United States.

Cross-sectional breast cancer incidence rates rose during
the entire study period (Fig. 1), undoubtedly due to mixed
birth-cohort and screening effects. Of note, overall breast
cancer incidence rates increased faster than previously
following the widespread use of mammography screening
in the early 1980s. Moreover, rates for early-stage and late-
stage tumors diverged in the early 1980s, also consistent
with earlier detection over time.

Breast cancer mortality rates declined 31.6%, slightly
more than estimates from randomized screening trials

Age at diagnosis

Age at diagnosis

[1, 2]. Thus, the mortality benefit of early detection and
intervention seem firm. However, age-specific breast can-
cer mortality rates fell even among women too young for
routine screening, ages <40 years (Fig. 2b). Additionally,
rates declined more slowly for late-stage disease incidence
(16%) than for overall breast cancer mortality (31.6%),
suggesting at least some improvement in mortality without
early detection.

With each succeeding decade and/or birth cohort there
was an incremental bulge for total and invasive breast
cancer rates among those women targeted for screening
(Fig. 3a, b), i.e., ages 40-80 years. There was less effect
for younger and older women, who were presumably not
screened. Similar age-specific trends have been observed in
western Europe, following the introduction of systematic
screening mammography in the late 1980s and early 1990s
[14, 15].
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Age-specific rates also increased dramatically among in-
situ and localized breast tumors with each succeeding
calendar-period and/or birth cohort. More modest re-
ciprocal declines were observed for regional and distant
stages. Indeed, decreases in rates for distant disease are
barely discernable on the log-linear scale.

The very large increases of early-stage disease (in-situ
and localized) may be partly attributable to changing
diagnostic criteria and/or systematic biases, i.e., lead-time
and length biases [7, 8, 16, 17]. Lead-time bias refers to a
stage shift (detecting tumors at an earlier stage) or a
backward shift within stage. Length bias refers to the
detection of indolent tumors, some of which may pose no
threat to life. Indeed, mammography-detected breast can-
cers are more likely to have indolent tumor characteristics
such as smaller sizes, negative lymph nodes, good grade,
and positive hormone receptors (Table 1), and are less
likely to have aggressive tumor features such as increased
proliferative rates, dense breast tissue, basal cellular phe-
notype, HER2 and p53 expression [16, 18-22].

In sum, it has long been shown that mammography
screening results in a significant increase in the diagnosis
of in-situ lesions [23]. We must now ponder whether (and
to what extent) early detection also may result in the in-
creased diagnosis of occult and localized breast cancer with
low malignant potential, as previously suggested by Fox
and Adami even before widespread screening [5, 6]. What
Fox and Adami speculated prior to widespread screening
mammography is even more relevant with improved
methods of early detection. Indeed, newer screening tech-
nologies such as digital mammography and magnetic res-
onance imaging may further increase the detection rate of
occult and indolent breast tumors.

It would be a disservice to patients and physicians alike
for our remarks to discourage early breast cancer detection.
However, given the risk of diagnosing and treating bio-
logically indolent early-stage lesions, the aggressive search
for early-stage lesions will also require improved methods
and/or algorithms to distinguish indolent from aggressive
disease.
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